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dlv ided  i n t o  f i v e  groups ;  and treated as folloiWs: Group 1, 

a c t i v e  animais selected a t  random from laboratory stocks, 

served as controls; i n  Group 11 vere hiberna t ing  animals, 

'7 t o  10 days a t  5O t o  lO*C; i n  Group XI1 irvere ac t ive  

animals X-irradiated, and sacr i f iced 20 hours post-Irradiation; 

i n  Group IW w r e  hibernating animals Trhich w r e  X-irradiated 

and kep t  under hibernab conditions and sacr i f iced  20 Sours 

post-irradiation, 8 of these anlrntlls had eLevated body 

temperatures inclicFitive of lessened or  lack of hibernal  

t o r p o r  a t  the time af sacrifice; lastly, Group V consisted 

of animals lvhich were irradiated during hibernation, main- 

tained under hibernal conditions f o r  20 hours and then 

t ransferred t o  animal roan conditions .**here they vere per- 

mitted to awaken for an auditions1 20 hours pr io r  t o  

S Z C r l f i C G ? .  

The squirrels v r e  subjected t o  a single, total-body 

exposure of 2000 r of x-rays (250 kv, 35.6 cm target dis- 

Lance, 0.5 arc copper and 3.0 rn bz'xelite filters, 1.5 mm 

copper half-value layer, and 130 R&tgen pro  Minute.) . 
Each animal was spinalec tomized. The heart  -?as 

excised and b l o t t e d  free of blood; both kidneys *rere 

extirpated and a segment of  l i v e r  %is removed. These 

tissues :>:ere r a p i u l y  frozen a t  the temperature of dry ice. 

Semp les  were assayed f o r  catecholanine by a fluoruetrlc 

method (5) .  

t h a t  equivalent reaulngs f o r  epine?hrine snd norepinephrine 

v:'ere o'utaheci, T h e  micro-Kjeluahl :netnou :;.itti Messlerization 

Oxidations ''rere carried out  at pH 4.9 so 



qas used to determine tissue nitrogen. 

RESULTS 

The levels of catecholaaine in heart, klciney and 

Uver in active and hibernating, both irradiated and 

non-irradiated ground sc;uirrels are summarized in Figures 

1 and 2 ,  The catecholamine values i n  act ive non-irradiated 

and active irradiated animals are similar, 

and liver of hibernat ing ground squirrels have signigicantly 

greater (P 5 0.05) concentrations of catecholamine than 

does the kidney and l iver  of  act ive animals. Catecholamhe 

levels  in tissues cf irradisted hibernating ground squirrels 

(Group IV) are compareble to those of the irradiated 

active animals (Group XxI), however, they are lower than 

those of non-irradiated hibernators (Group 11) 

par t icu lar ,  kidney ana liver catechalamine concentrations 

are significantly decreased (P = 0.05). 

The kidney 

In 

The squirrels vhich t r e k  irradiated during hibernation 

and then aroused have tissue catecholamine levels COmpaPIablt? 

to those of israLiiated act ive  and irradiated hibernating 

animals, but are lower than nm-irradiated hibernators 

(Figure 1). 

-en the tassure catecholamine concentrations are 

expressed on a wet weight basis (Figure 1) then a comparison 

of the cardiac and hepatic levels from non-irradiated 

hibernators  roup 11) ~ i t h  animals from each of the 

i r radiated Groups shows decrease in each of the l a l t e r .  

However, if the catecholamine values a re  expressed on the 
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basis of nitrogen content  ( F i g u r e  21, ir, order to  com- 

pensate for hydration due LO experimental procedure,  

then the difference i n  inyocardial concentration of 

catecholamine is  minimized, ths hepat ic  difference is sus- 

tained and the kSdney catecholauine levels appear s igni f i -  

cant ly  decreased i n  a l l  i s radiatea groups  (P= 0.05). 

Nitrogen contents of the specimens are g r a p h i c a l l y  

shorn in Figure  3. 

DISCUSSZON 

These results suggest t h a t  the changes fn extra- 

adrenal catecholamine stores&sing the period following 

X-irradiation are assoclated -54th 8rousa1, rather than 

direct effects of the i r radiat ion.  This conjecture fs 

supported by reports that X-irradiation has been demon- 

straked t o  induce arousa l  from sleep ( 6 ) .  In our experience 

hibernating ground squirrels, p r o p e r l y  hanuled, cio not 

ard lnar iby  arouse in experimental circumstances such as 

these Moxever, they  of ten d i s p l a y  arousai foLov ing  

irradiation, despite the f a c t  that they are maintained 

in cold hibernacula during and follo%-ing X-irradiation. 

The absence of additionah gross changes In  catecholamine 

storage in animals from Group V, dur ing  the 4Q hour period 

i 'slloning rczdlation, is not  surprising in vier of t h e  

Cact ",hat leeh,ab ch*n,pes T.:lhrch appear subsequent t o  

mdiutFon require extended periods for manifestation in 

thks spec.tes ('7). 

sympathetic nerves, the alleged s i t e s  of catecholamine 

storage (81, are said to be radio-resistant (9). 

This  7irie.v Ls spap7orted by reports  that  
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The catecholamine content of the hearts tended to 

be Lower as a result of i r r a d i a t i o n  (Group I v s .  111; 

Group I1 vs. IV; Grours I vs. V) a l though the differences 

do no t  prove statistically significant at the P = 0.05 

level (Figure 1). It is of interest, ho!r:ever, that  the 

decrease in myocardial catecholamine in the irradiated 

groups i s  not apparent when the r e su l t s  art? expressed i n  

r e l a t ion  t o  the nitrogen content of the same s?ecimen 

(F igu re  a ) ,  rather than the  wet weight. 

that the observed decrease in concentration of cztecholamine 

w s  not due t o  an absolute decrease in the store of the 

neuro-transmitter, but rather to an increase in ~ a t e r  

content of the specimen. These measurements emphasize 

t he  usefulness of expressing catechoLanlne results on the 

basis of n i t rogen  content, i n  addition t o  the conventional 

manner, p J g / g  yret w i g h t .  

Th i s  suggests 

It Ps not clear from these stuciies rhether the decrease 

observed in the amount of catecholamine Zn the liver and 

kid-ney represents increased destruc tlon o r  decreased 

formatfcn, or nerely Zncreasect utilization due to arousal. 

The results of these experiments poin t  t o  the need f o r  

f ~ r t h e r  analysis of factors inf luenc ing  storage of catecholamines 

in extra-adrenal sites in hibernators,  p a r t i c u l a r l y  

d u r i n g  Ir:*acV ation ami a r o u s a l  from hibernation. 

S I J W R Y  

Hi bema t i ~ g  ground squ i r rels a - & e l l u  s. tridecemiinea tus 

subjected to lekhhal doses of X-irradiation (2000 r> 

deffionstrate decrease concentrations of catecholamines in 
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the 2.Sver and kicineys 20 hours f ~ l l ~ ~ i n g  exposure. 

:dyocardial ca teeliolamines do not appear to be altered 

if changes due to t i s sue  hydrat ion a m  accounted fo r .  

These changes may be associated s i t h  the arousal inuuceci 

by the exposure; rzthcr then Y i t h  d i r ec t  e f fec ts  of the 

radiation. 

Zu s amenfa sstlngg, Zranzi g S tunden nach ae s t rahlung 

a l t  t&ilichen R6ntgenstrahldosen (2000 r) z e i g k n  

win t e rs chlaf ende Ci t ellu s t ridecemi lnea t,us ve rminder t e 

Sonzentsationen von Catecholaminen in Leber und Nieren. 

T'erden Yer&ieruigen h ins ich t l ich  des wassergehaltes im 

Gewebe ber&ksich t ig t ,  so erscheint der Gehalt an 

qmka sd ia l  en C a t  e chclaminsn unv e r &de r t . 

r - /- 



LEGENDS 

Fig.  1. Catecholnmine contents of heart, kidney and 

liver in active and hibernating, irradiated 

and non-irradiated ground squirrels, C i t e l l u s  

tridecemlheatus. Results are expressed in 

m g / g  wet Tebght. 

Catecholamine contents of hetrrt, kidney and 

Liver in ac t ive  and hibernating, irradiated 

and non-irradfated ground squirrels, C i t e l l u s  

etrideeemlfnea tus Results are exp~essed ag/g 

nitrogen . 
NZtrogen contents of heart, kidney and liver in 

active snd hibernating, irradiated and nom 

irradiated ground scirafrrels, CiteLlus tridecemlineatus. 

Fig.  2. 

F i g ,  3 .  
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